Appendiceal mucinous tumors include a spectrum of tumors, but within that spectrum is a fascinating low-grade tumor that has been the subject of considerable debate. These tumors challenge our very definition of malignancy and force us to consider whether biology, morphology, or both should form the basis of tumor classification. Despite their rather innocuous gross and microscopic appearance, these low-grade tumors can penetrate into or through the appendix wall, rupture the appendix, and ultimately disseminate to the peritoneal cavity as pseudomyxoma peritonei (PMP; Figures 1 and 2) . Biologically, then, these tumors behave as low-grade malignancies and as such are managed aggressively when they have disseminated widely in the peritoneum. Predicting which appendiceal tumors will disseminate to the peritoneum is often a challenge for pathologists faced with a lowgrade mucinous tumor in the appendix that has perforated. Because these low-grade appendiceal tumors have bland cytologic features, non-neoplastic conditions that result in reactive epithelial atypia and mucin extrusion are commonly misinterpreted as a low-grade appendiceal mucinous neoplasm (LAMN). In this article, I describe the classification, biology, and management of mucinous appendiceal tumors with an emphasis on low-grade tumors. Their differential diagnosis, natural history, and management are reviewed. In addition, entities commonly mistaken for appendiceal neoplasia will be addressed. Finally, the pathology of PMP will be reviewed, with an emphasis on tumor grade and its prognostic implications.
Historical perspective
The phenomenon of PMP was originally described in 1884 by Werth, who attributed the abdominal mucin to an ovarian cyst. 1 In 1901, Fraenkel 2 recognized pseudomyxoma in the setting of an appendiceal tumor, and provides the first account of the association of an appendiceal tumor with PMP. Still, for decades, there was uncertainty about the nature of pseudomyxoma and whether it was related to the appendix, the ovary, or primary in the peritoneum. 3 Meanwhile, an 'appendiceal mucocele' was an oft-diagnosed condition even if there was confusion about what that broad category comprised. There were efforts to distinguish between a benign and malignant 'mucocele', with a growing appreciation for the fact that PMP was progressive only if the mucocele was malignant. For example, in 1940, Woodruff and McDonald 4 classified 146 cystic tumors of the appendix into simple mucoceles or adenocarcinoma, grade 1. In their classification, only those tumors that were classified as adenocarcinoma could produce PMP. However, their images and description of tumors that they classified as adenocarcinoma show cytologic features that would be recognized by pathologists today as being similar to low-grade dysplasia. Appendiceal grade 1 adenocarcinomas were described as having 'papillary arrangements of the mucous membrane' with nuclei that are 'hyperchromatic and tend to extend up the length of the cell rather than limit themselves to the lower part.' 4 Over the ensuing decades, various writers questioned whether these tumors were in fact malignant, as ones that are confined to the appendix are cured by appendectomy. Terminology for colon polyps was extrapolated to the appendix, and the concept of an appendiceal cystadenoma or villous adenoma became widely accepted, with some authors even using these names for tumors associated with PMP. However, the use of benign terminology for tumors that had disseminated led to the controversy of whether pseudomyxoma, essentially the metastasis of the appendiceal tumor, is benign or malignant. Is a low-grade cystic appendiceal mucinous tumor that ruptures and disseminates to the peritoneum a ruptured 'adenoma'? Several authorities, [5] [6] [7] [8] [9] [10] noting that the epithelium in the peritoneal metastasis is remarkably bland and that the tumor in the appendix shares features with an appendiceal adenoma, accepted that adenomatous epitheliumbeing neoplastic-might disseminate in the peritoneal cavity if given access to the peritoneum. Morphologic assessments also noted that these low-grade tumors are often associated with diverticula, herniations, dissection, or frank rupture, any of which could provide a route by which neoplastic epithelium disseminates to the peritoneum. Others take issue with labeling any tumor that has disseminated to the peritoneum as adenoma, or suggesting that the intraperitoneal mucinous epithelium is 'benign'. These authorities, including the American Joint Committee on Cancer and the World Health Organization, consider peritoneal dissemination to be evidence of malignancy and view lowgrade mucinous tumors that disseminate as welldifferentiated adenocarcinomas. [11] [12] [13] [14] [15] They point out that mucinous tumors elsewhere in the body can be deceptively bland and that the concept of a ruptured adenoma does not account for the progressive behavior of the tumor once it spreads to the peritoneum. According to this view, these tumors are in fact invasive, but rather than usual infiltrative pattern, the invasion is 'pushing' or 'expansile' invasion, which pathologists have difficulty recognizing as invasion.
Because the criteria for pushing invasion in these tumors are not easily defined, and given the historical developments in the classification of these tumors, it is perhaps not surprising that various names have been proposed for the subset of tumors that, despite not having infiltrative invasion, disseminate to the peritoneum. Some years ago, the term mucinous tumor of uncertain malignant potential was proposed for these tumors. 16 Subsequently, we proposed the term LAMN 17 in order to account for their indolent but progressive malignant behavior yet absence of infiltrative invasion or highgrade cytology. More recently, Pai et al 18 suggested dividing LAMNs into those that are at low risk of recurrence or at high risk of recurrence based on whether they were associated with acellular or cellular mucinous ascites, respectively. In the most recent WHO classification of appendiceal tumors, the terminology of LAMN was incorporated into the spectrum of appendiceal adenocarcinomas as a lowgrade mucinous adenocarcinoma with pushing rather than infiltrative invasion (Table 1) . 14 Yet this Figure 1 Gross appearance of a low-grade appendiceal mucinous neoplasm. The appendix is dilated and enlarged, although from the external appearance alone, the differential includes benign and malignant conditions that can cause a dilated appendix. The serosa shows a mucoid hemorrhagic plug that, while innocuous in appearance, is the point of egress of tumor epithelium into the peritoneum. Figure 2 Gross appearance of the omentum from the patient with the appendix in Figure 1 . The omentum shows adherent mucoid implants from the appendiceal tumor, producing the syndrome of pseudomyxoma peritonei.
classification is recent and still not fully accepted. Next, as we review appendiceal mucinous neoplasms, we must recognize that the historical confusion in the nomenclature of appendiceal mucinous neoplasms limits our ability to distill from the literature the distinguishing clinical features of adenomas, LAMNs, and mucinous adenocarcinomas.
Adenoma

Clinical Features
Adenomas typically occur in patients in their fifth decade but the age range is wide. 7, 9, 12, 19 There is a female predominance. 7, 9, 12, 19 Abdominal pain that mimics acute appendicitis is the most common clinical presentation. 9, 12 Less often, an appendiceal adenoma presents as an abdominal mass or as intussusception of the appendix. 9, 12, [20] [21] [22] [23] [24] [25] [26] [27] [28] Approximately half of the cases are discovered in asymptomatic patients, particularly in women who have undergone an appendectomy during gynecologic surgery. Occasional patients with adenomas in the appendix have concomitant colonic adenocarcinoma. 9, 12, 19 However, whether this represents merely chance association is uncertain. Appendiceal adenomas are benign and are treated by appendectomy alone.
Pathology
Grossly, an appendix with an adenoma may be either unremarkable or dilated with tenacious mucin. The serosa is typically smooth unless there are adhesions, but gross mucin on the serosa is absent. 12 On microscopic examination, by definition, these tumors are confined to the mucosa, meaning that the muscularis mucosae is intact throughout the lesion and there is no mucin dissecting into the wall or mucin extrusion outside the appendix. The tumor consists of a proliferation of mucinous epithelial cells, often with atrophy of the lymphoid tissue. The tumor is usually composed of filiform villi with scant lamina propria; the villi are lined by mucinous epithelial cells, often with abundant intracytoplasmic mucin ( Figure 3) . 5, 16, 17 In some cases, mucin accumulation leads to cystic dilatation of the appendix. In these cases, one may see a flat, undulating, or short villous pattern of the neoplastic epithelium.
Unlike colonic adenomas, the majority of which are tubular adenomas, appendiceal adenomas are usually villous and circumferentially involve the appendix lumen. Localized tubular adenomas are rare in the appendix 29, 30 although they may occur in patients with familial adenomatous polyposis. 11, 16 The histologic appearance of these polyps is identical to those that occur in the colon. Pai et al. 18 Appendiceal adenomas are graded as either low or high, similar to colonic adenomas. Most tumors are low grade with nuclear elongation, hyperchromasia, pseudostratification, rare mitoses, and apoptotic nuclear debris. 12, 17, 31 High-grade dysplasia shows greater atypia that is incompatible with low-grade dysplasia, such as micropapillary tufts with luminal necrosis, pleomorphic large nuclei, prominent nucleoli, and increased mitotic figures (Figure 4 ).
Differential diagnosis
The main diagnostic challenges are distinguishing cystic adenomas from retention cysts, and distinguishing adenomas from LAMNs. In cystic tumors, attenuation and denudation of the lining may make distinction with a retention cyst difficult. In this case, submitting the entire appendix may be necessary in order to detect the presence of neoplastic epithelium. The finding of nuclear pseudostratification in completely flat epithelium suggests that the lesion is neoplastic although reactive atypia can produce nuclear pseudostratification. More helpful is evaluation of the lining for residual focal papillary architecture together with the typical tall mucinous columnar cells. Distinction between an adenoma and a LAMN rests on evaluation of the muscularis mucosae that is intact throughout the entirety of an adenoma and is breached by dissecting mucin and/or epithelium in a LAMN (see LAMN).
Low-grade appendiceal mucinous neoplasm
Clinical Features
LAMNs usually present in the sixth decade. 17, 32 As with adenomas, there is a predilection for females. 18 Presentation as an abdominal mass or as an ovarian metastasis is relatively common. 12, 17, 32 Other presentations include abdominal pain or distention, possibly due to PMP. 17, 18 Rarely, a ruptured LAMN presents with mucin in a hernia sac. [33] [34] [35] Approximately 15-20% of LAMNs are incidental findings in patients undergoing surgery for unrelated conditions. 17, 18 Pathology Appendices with LAMNs may appear grossly unremarkable, or may be cystically dilated and filled with tenacious mucin. 12, 17, 32, 36 The wall may be thin or fibrotic, hyalinized, and calcified. 12, 17 Gross rupture may show mucin in the wall or on the serosal surface ( Figure 1) . 12, 17, 32 The appendix lining may be smooth, granular, or corrugated with intervening smooth areas, similar to adenomas. 12 On microscopic examination, these tumors show a villous or flat neoplastic mucinous epithelium often associated with atrophy of lymphoid tissue, similar to adenomas. 5, 16, 17 In villous tumors, the villi are typically filiform and contain scant lamina propria. The epithelium often contains abundant cytoplasmic mucin that may compress nuclei that then may appear deceptively hyperplastic in nature rather than neoplastic. 5 In uncommon cases, the cells resemble those in colonic type adenomas, with elongate pseudostratified nuclei, apical cytoplasm, and absent or reduced cytoplasmic mucin. Mucin accumulation within the lumen may be extensive and in these cystic tumors, the lining epithelium, which may be flat or undulating.
The defining feature of LAMN is the pattern of invasion of the underlying appendiceal wall that has been described as 'pushing' invasion and can have Figure 4 Appendiceal adenoma with high-grade dysplasia. In contrast to the tumor in Figure 3 , this tumor shows pleomorphic and enlarged nuclei, with marked disarray and hyperchromasia. Note that the muscularis mucosae is intact. various patterns. The muscularis propria may be attenuated or even absent ( Figure 5 ), but is often fibrotic or hyalinized. Neoplastic epithelium growing atop fibrotic or hyalinized stroma rather than lamina propria and muscularis mucosae is a frequent appearance of these tumors, and considered a sign of pushing invasion ( Figure 6 ). Neoplastic epithelium may also push into or through the wall as diverticula, tongues of epithelium, or dissecting epithelium, but usual features of infiltrative type invasion, such as single cell invasion, desmoplastic stromal response, or tumor budding are absent. The wall may be entirely breached, producing a picture of a ruptured cystic tumor with mucin extrusion onto the peritoneal surface, with or without mucinous epithelial cells growing freely in that mucin ( Figure 7 ).
Differential Diagnosis
The main diagnostic challenge when evaluating a LAMN is deciding if other terminology is more appropriate, particularly adenoma or mucinous adenocarcinoma. Because they resemble adenomas in terms of their low-grade cytology and flat or villiform architecture, LAMNs that perforate the appendix might suggest that they are 'ruptured adenomas', but any tumor with mucin and/or epithelium dissecting within or outside the wall of the appendix should not be classified as an adenoma. If there is infiltrative invasion, of course, it qualifies as adenocarcinoma, but even without obvious infiltrative invasion, the possibility of pushing invasion must be considered, keeping in mind that epithelium pushing into the wall of the appendix, growing along hyalinized stroma, or perforating the appendix are considered by some authorities as evidence of pushing invasion by the tumor. When a tumor has disseminated to the peritoneal cavity, there still is debate about whether the appendix tumor should be classified as LAMN or as adenocarcinoma. However, the term LAMN reconciles the cytoarchitectural features of these tumors with their ability to spread to the peritoneum, and classifying these tumors as LAMN conforms to WHO recommendations. Because LAMNs may have remarkably bland cytology and can push into or through the appendix without a desmoplastic response, benign processes can mimic LAMNs when they are associated with mucinous epithelial hyperplasia, dissection into the wall, appendiceal perforation, or mucin extrusion into the wall or onto the serosa. The most common mimic of LAMN is appendiceal diverticular disease that may, on occasion, rupture and cause extrusion of mucin into the wall or onto the appendiceal serosa ( Figure 8) . 37 In addition, hyperplastic and reactive changes of the lining epithelium within the diverticula may be confused with a neoplastic process. An everted diverticulum, or fragments of diverticular lining on the serosa, may be confused with serosal involvement by LAMN. There are some features that differentiate ruptured diverticulum from a mucinous neoplasm. In patients with diverticular disease, the appendix may show several diverticula, and intact ones assist the pathologist in considering the possibility of perforated diverticular disease. Hyperplastic and reactive changes show architectural changes that are more pronounced in the superficial rather than the basal portions of the mucosa. Gland serration, crypt disarray, and hyperplastic changes with abundant mucin producing cells are usually located in the upper half of the mucosa. Non-neoplastic crypts are normally separated by lamina propria and show little or no crowding. In contrast, typical LAMNs show back-to-back crypts with scant lamina propria and elongated slender villi that protrude into the lumen of the appendix. One other helpful hint is that appendices with diverticula often show Schwann cell proliferations that expand the lamina propria with a vaguely nodular proliferation of spindle cells, possibly because of the effects of obstruction. 37, 38 Appendiceal endometriosis with intestinal metaplasia represents a rare mimic of LAMN. [39] [40] [41] [42] [43] Endometriosis with intestinal metaplasia can lead to mucin extrusion on the appendiceal serosa, causing confusion with a ruptured LAMN. Features that may suggest LAMN include extrusion of mucin in the mesoappendix or on the appendiceal serosa, marked distortion and fibrosis of the appendix, and intestinal type mucinous epithelium dissecting through the appendiceal muscularis propria. However, other features of these cases are helpful in distinguishing them from LAMN including absence of a definitive luminal mucinous neoplasm, intestinal glands in continuity with endometrial type glands, and a cuff of endometrial type stroma around the intestinal type glands (Figure 9 ), although the amount of stroma around individual glands can vary, and immunohistochemical markers of endometrial stroma may be useful to highlight scant stroma around some glands.
Natural History
The prognosis of LAMN is highly dependent on the stage of the tumor. When it is widely disseminated in the peritoneum, it pursues a progressive clinical course (see PMP). However, when the tumor is limited to the appendix or, when ruptured, confined to the right lower quadrant, the prognosis is related Figure 9 Endometriosis with intestinal metaplasia. The appendix shows an irregular cluster of glands surrounded by endometrial type stroma. Note that the glands on the right side of the field are endometrial type, whereas the glands on the left side of the field are composed of tall mucinous epithelial cells. The presence of mucinous glands dissecting in the wall can mimic a low-grade appendiceal mucinous neoplasm, particularly if the stomal component is scant. Figure 8 Appendiceal diverticular disease perforating the appendix. The diverticula penetrate the muscularis and result in mucin extrusion onto the serosal surface (right). Note the tangential sectioning and reactive changes that result in architectural disarray of the mucosa that can be mistaken for neoplasia.
to the presence or absence of mucin and in particular of neoplastic mucinous epithelium outside the appendix. 12, 17, 18 LAMNs that are confined to the appendix, without extra-appendiceal mucin, are essentially cured by appendectomy similar to adenomas. LAMNs associated with acellular mucin confined to the right lower quadrant carry a very low risk of recurrence or progression to PMP, whereas those associated with mucin and neoplastic mucinous epithelial cells in the right lower quadrant carry a relatively high risk of recurring as disseminated disease. In a multi-institutional study, 44 the authors collected 65 patients with ruptured appendiceal mucinous tumors and at least 6 months of follow-up. Fifty of these patients had acellular mucin in the right lower quadrant, and only two (4%) of them had recurrence. In contrast, 15 tumors were associated with clusters of lowgrade neoplastic epithelium within the extraappendiceal mucin. Five of these cases (33%) recurred as diffuse PMP and one of these patients ultimately died of disease. In a series of 116 mucinous tumors, 18 12 patients had acellular mucin in the right lower quadrant and 1 recurred. (Another two patients had acellular mucin beyond the RLQ and did not recur.) However, three of four (75%) patients with extra-appendiceal mucin with neoplastic epithelium limited to the RLQ recurred. From these studies, it can be concluded that appendiceal mucinous tumors with acellular mucin in the right lower quadrant only rarely recur, whereas tumors with extra-appendiceal mucin containing neoplastic epithelium recur in about half of cases. Thus, in the evaluation of appendices with LAMNs, the entire specimen should be examined to evaluate for the presence of mucin on the serosa, and more importantly, the presence or absence of mucinous epithelium within the extra-appendiceal mucin.
Treatment
The treatment of a LAMN varies according to the stage of disease. Simple appendectomy is considered sufficient treatment for LAMNs that are confined to the appendix. In this case, a positive margin requires that a decision be made as to whether a cecectomy is necessary. Although there is limited data on this question, in our experience, resection of the cecum is not routinely performed, and residual tumor in the resection specimen is typically absent, indicating that conservative management may be an acceptable option. 45 Once a LAMN ruptures, the risk of developing PMP is defined by whether acellular or cellular mucin is extruded. Patients with acellular mucin on the appendiceal serosa should be followed closely to ensure that PMP does not develop. Radiographic imaging of the abdomen and pelvis is often the preferred method of surveillance. Tumors that have spread to the right lower quadrant (mucin with epithelial cells present outside the appendix in the RLQ) run a higher risk of recurrence, but their management is not defined. Right hemicolectomy offers no additional benefit over appendectomy alone for these patients and is probably best done by a surgeon with expertise in the management of peritoneal malignancy who can arrange definitive cytoreductive surgery if necessary. 46, 47 Tumors that have disseminated widely throughout the peritoneal cavity were treated historically by debulking but, more recently, with cytoreductive surgery and hyperthermic intraperitoneal chemotherapy (HIPEC; see PMP).
Adenocarcinoma
Clinical Features
Adenocarcinomas of the appendix are uncommon; Collins et al 48 found an incidence of 0.082% among 50 000 appendectomy specimens. There is an increased incidence among men in some series 8, [49] [50] [51] [52] [53] [54] [55] [56] but not in others. [57] [58] [59] [60] Patients are usually in their fifth to seventh decade of life at presentation 49, [51] [52] [53] [55] [56] [57] [58] 60 and usually present with symptoms of acute appendicitis. Other less common modes of presentation include a palpable mass, obstruction, gastrointestinal bleeding, or symptoms related to metastases. 7, 8, [51] [52] [53] [54] [56] [57] [58] [59] [61] [62] [63] Pathology Appendiceal adenocarcinomas are classified as adenocarcinoma not otherwise specified, mucinous adenocarcinoma, signet ring cell adenocarcinoma, and undifferentiated carcinoma. 14 Mucinous adenocarcinoma accounts for B40% of all appendiceal adenocarcinomas although it is unclear what proportion of these might be classified as LAMN according to current WHO terminology. 52 The histology of invasive mucinous adenocarcinomas of the appendix is similar to those that occur elsewhere in the colon, with pools of mucin infiltrating the wall of the appendix harboring cytologically malignant glandular epithelium arranged as strips, clusters, or complex glandular structures (Figures 10). Mucinous adenocarcinomas may not only rupture and metastasize to the peritoneum, 59 ,62 but can also spread via a hematogenous route. 7, 46, 53, 64 Grossly, peritoneal metastases may resemble those that occur in LAMNs. Histologically, the peritoneal tumor is usually more cellular, and the neoplastic epithelium shows a greater degree of architectural complexity and higher-grade cytologic atypia, desmoplastic stroma, and possibly signet ring cells (see PMP). Other organs may be affected such as small or large bowel, liver, or ovary. 10, 65 Non-mucinous appendiceal adenocarcinomas show a range of morphologic features of the invasive component. The tumors may resemble colonic adenocarcinomas with malignant glands lined by columnar cells with central dirty necrosis (Figure 11 ). Other tumors are composed of tubular glands lined by cuboidal cells, without dirty necrosis, and with only scant extracellular mucin, reminiscent of pancreaticobiliary adenocarcinomas.
Signet ring cell adenocarcinomas are rare in the appendix. These tumors are associated with a poor prognosis owing to rapid dissemination within the peritoneal cavity. 66, 67 The histology is similar to signet ring cell adenocarcinoma at other sites in the GI tract. They are composed of single cells, clusters, and/or sheets of signet ring cells, some with extracellular mucin. Tumors that have areas of goblet cell carcinoid may represent progression of a goblet cell carcinoid, and may be biologically distinct from pure signet ring cell carcinomas. 11 
Differential Diagnosis
Distinguishing mucinous adenocarcinoma from LAMN is based on evaluation of the manner of invasion and on the cytologic features of the neoplastic epithelium. LAMNs show prominent fibrosis of the wall with pushing invasion. Mucinous adenocarcinomas usually show conventional patterns of invasion exhibiting irregular pools of mucin harboring high-grade epithelium in complex architectural configurations, irregular shaped glands with a desmoplastic stromal response, or single cell invasion. By definition, LAMNs are low-grade tumors, whereas mucinous adenocarcinomas may be low or high grade.
Adenocarcinoma must also be distinguished from goblet cell carcinoid, a distinctive tumor of the appendix composed of cohesive nests of goblet-like cells admixed with endocrine cells, Paneth cells, and cuboidal glandular cells, with or without extracellular mucin. The orderly arrangement of the tumor cell clusters, circumferential growth pattern, and often low-grade cytologic features help to distinguish this group of tumors. Immunohistochemistry for neuroendocrine differentiation may be misleading in this differential since the presence of neuroendocrine differentiation may be focal in goblet cell carcinoid, and conversely may be prominent in conventional adenocarcinomas. Finally, appendiceal adenocarcinoma must be distinguished from metastasis to the appendix. Metastatic tumors can mimic primary tumors of the appendix both by their morphologic similarity to a primary adenocarcinoma and their extension into the mucosa that can be mistaken for a precursor of the tumor.
Natural History
The reported 5-year survival rates for patients with appendiceal adenocarcinoma ranges from 18.7% (ref. 48) to 55%. 57 Patients with mucinous adenocarcinomas have a better prognosis than those with non-mucinous adenocarcinomas. 57, 58, 62 Several studies have shown that histologic grade 8,49,61 and Duke's stage correlate with prognosis. 8, 57, 58, 61, 62, 68, 69 Patients with peritoneal carcinomatosis have a poor prognosis. 10, 52, 60, 62 Treatment Invasive adenocarcinoma of the appendix warrants treatment by right hemicolectomy, with lymph node dissection, in order to stage the tumor and ensure complete resection. 57,59,62,68 Some authorities Figure 11 Invasive adenocarcinoma of the appendix. In this example, the invasive tumor has a colorectal appearance, with glands lined by pseudostratified, hyperchromatic columnar malignant cells and dirty necrosis within the glands. Figure 10 Invasive mucinous adenocarcinoma of the appendix. As opposed to low-grade appendiceal mucinous neoplasms that show pushing invasion, this tumor shows infiltrative invasion, with irregular mucin pools with numerous disordered buds of tumor in the mucin and desmoplasia.
advocate oophorectomy in women, both for staging purposes and in order to remove a frequent site of metastasis. 57, 62 Treatment of patients with peritoneal spread depends on the resectability of the tumor. Patients whose tumors are resectable should be treated aggressively with peritonectomy and post-operative intraperitoneal chemotherapy (see PMP). 46, 70, 71 Pseudomyxoma peritonei PMP refers to the accumulation of mucin within the peritoneal cavity secondary to mucinous epithelial neoplasia (Figure 2 ). This most often occurs because of peritoneal spread of a mucinous neoplasm from the appendix but has been described with mucinous tumors from other sites, including colon, ovary, gallbladder, pancreas, and urachus.
Clinical Features
Spread of mucinous neoplastic epithelium to the peritoneal cavity occurs most often in association with LAMN and mucinous adenocarcinoma. Approximately 20% of patients with a mucinous tumor of the appendix develop PMP. 72 Patients with PMP typically present in the 6th-7th decades of life, and in some series, women predominate over men. [72] [73] [74] Peritoneal mucinous deposits tend to accumulate in particular areas, such as the greater omentum, the undersurface of the right hemidiaphragm, pelvis, right retrohepatic space, left abdominal gutter, and the ligament of Treitz. 75 This so-called 'redistribution' phenomenon can be explained by the hypothesis that tumor accumulates at anatomic locations where ascitic fluid is resorbed from the abdomen, and in areas where fluid pools in the abdomen. 11 Pathology, Nomenclature, and Outcome
In general, the morphologic characteristics and, in particular, the grade of the neoplastic epithelium correlates with the grade and degree of 'invasiveness' of the primary appendiceal tumor. 10 Classical PMP, which occurs in patients with LAMN, demonstrates abundant mucin, hyalinized, fibrotic stroma, and occasional strips of low-grade mucinous epithelium (Figures 12 and 13) . Peritoneal mucinous tumors with high-grade cytologic atypia of the neoplastic epithelium and more complex architecture are usually associated with mucinous adenocarcinomas of the appendix or elsewhere (Figure 14) .
Ronnett et al 65 separated peritoneal mucinous tumors into two grades and offered a classification system to describe these grades. They proposed the term disseminated peritoneal adenomucinosis (DPAM) for 'non-invasive' mucinous implants containing scant strips of simple or focally proliferative epithelium with minimal-to-moderate atypia and no significant mitotic activity. In contrast, peritoneal tumors characterized by more abundant proliferative epithelium arranged as glands, nests, or individual cells were classified as peritoneal mucinous carcinomatosis (PMCA). Long-term survival was significantly better for patients with DPAM as opposed to those with PMCA, with 5-and 10-year survival rates of 75 and 68% for patients with DPAM Figure 13 High power view of low-grade peritoneal mucinous neoplasia. The mucinous epithelium in the peritoneal mucinous tumor is remarkably bland with small nuclei. This incredibly benign nuclear morphology has contributed to the controversy over whether pseudomyxoma peritonei represents low-grade adenocarcinoma or peritoneal dissemination of adenomatous epithelium. Figure 12 Low-grade peritoneal mucinous neoplasia. This peritoneal mucinous tumor shows classic features of pseudomyxoma peritonei, with abundant mucin and relatively scant mucinous epithelial groups arranged as strips with low-grade cytology. The terminology for low-grade pseudomyxoma peritonei is evolving, with international authorities favoring a diagnosis of mucinous adenocarcinoma peritonei, low grade, and discouraging the use of the term disseminated peritoneal adenomucinosis. and 14 and 3% for patients with PMCA. They also described an intermediate category for tumors that were mostly DPAM but with focal areas of welldifferentiated adenocarcinoma. 65 Initially, these patients appeared to have an intermediate prognosis, but additional follow-up showed that they behaved like PMCA. 76 In contrast, a study of 101 patients with PMP by Bradley et al 77 found that patients with DPAM and intermediate grade peritoneal mucinous tumors had similar outcome, and that they fared better than those with high-grade peritoneal tumors. They argued that DPAM is in fact very well-differentiated mucinous carcinoma, and they proposed that all PMP be classified as either mucinous carcinoma peritonei, low grade, or mucinous carcinoma peritonei, high grade. More recently, Shetty et al 78 used a three-tiered grading system for PMP. In their system, PMP1 was analogous to DPAM; tumors with any amount of signet ring cell morphology were classified as PMP3 ( Figure 15) ; and PMP2 was reserved for tumors that did not meet criteria for PMP1 or PMP3. Another study examining the influence of signet ring cells on prognosis 79 found that, among high-grade peritoneal mucinous adenocarcinomas from the appendix, the presence of signet ring cells had a negative impact on prognosis if the signet ring cells invaded tissue, but not if they were floating freely in the peritoneal mucin pools. These studies and others 17, 80 demonstrate that the grade of the peritoneal tumor predicts behavior of the tumor, independently of the grade of the primary tumor.
Treatment
The treatment for patients with PMP has not been standardized. Surgical tumor debulking was the mainstay of therapy for decades, but the majority of patients treated in that manner had disease recurrence that required repeated surgical debulking procedures until, eventually, adhesions precluded additional surgery and patients succumbed to their tumor. 81, 82 Survival rates for patients who underwent debulking were reported to be 86%, 53-67%, and 32% at 2, 5, and 10 years, respectively. 81, 83 Sugarbaker and colleagues 46, 70, 71, 84 pioneered an aggressive treatment approach that involves peritonectomies in order to achieve complete cytoreduction and HIPEC. The cytoreduction procedure includes peritonectomies as well as resection of affected organs. Using this aggressive approach, they achieved 5-and 10-year survival rates of 71.9 and 54.5%. 46 Other groups have reported similar survival rates using cytoreduction surgery and HIPEC. In particular, long-term survival is noted to be better in some studies. [85] [86] [87] Several factors have been associated with success in the management of PMP. One of the most important factors is attaining complete cytoreduction, which is achieved in 40-91% of cases. 87, 88 In one study, patients who had complete cytoreduction had a 5-and a 10-year survival rate of 87% and 74%, respectively, whereas those in which complete cytoreduction could not be achieved had 34% and 23% 5-and 10-year survival rates. 87 In this regard, the experience of the surgeon may have a role, with specialized centers achieving better survival statistics. 85, 86 Extensive involvement of the small bowel or mesentery predicts a high likelihood of incomplete cytoreduction. As previously discussed, peritoneal tumor grade is another factor that affects outcome. 85 ,86 Figure 15 Signet ring cells in peritoneal mucinous neoplasia. Recent data suggest that the presence of signet ring cells in any amount may be a poor prognostic indicator in pseudomyxoma peritonei, and their presence qualifies the tumor as high grade in a two-tiered system or as pseudomyxoma peritonei-3 in a threetiered system. Figure 14 Mucinous adenocarcinoma peritonei, high grade. This peritoneal tumor has features that qualify as high grade, including high cellularity with malignant appearing nuclei, tumor budding, and desmoplastic tissue response.
Future Directions in Appendiceal Tumor Classification
Despite the progress that has been made in the classification of appendiceal mucinous neoplasia, there is still considerable variability in applying the WHO classification system. Even among experts, there are disagreements about whether LAMN is an appropriate diagnostic term in certain circumstances or, indeed, ever. A related question is whether to call a tumor with pushing invasion but high-grade cytology an adenocarcinoma or perhaps adopt HAMN, for high-grade appendiceal mucinous neoplasm. The relationship of serrated lesions of the appendix and goblet cell carcinoids to mucinous epithelial neoplasms awaits additional morphologic and molecular studies. In the area of PMP, there is still insufficient data to determine whether a 2-or 3-tiered system is more prognostically meaningful. The criteria for classifying a peritoneal tumor as high grade and the importance of any amount of signet ring cell morphology in prognosis are additional areas of uncertainty. Recently, an international group of authorities on appendiceal neoplasia from a variety of medical specialties has begun the process of defining consensus criteria and nomenclature for these tumors under the auspices of the Peritoneal Surface Oncology Group International. By working toward uniform nomenclature and consensus criteria, groups such as this one will hopefully lay the groundwork for a consensus approach to appendiceal neoplasia that can be used to interpret molecular and genetic studies of these fascinating and enigmatic tumors.
